Fresh blue crab (Callinectes sapidus) meat was obtained from retail markets in Florida and sampled for viable Listeria monocytogenes. The pathogen was found in crabmeat in three of four different lots tested by enrichment and at levels of 75 CFU/g in one of the same four lots by direct plating. Next, crabmeat was steam sterilized, inoculated with a three-strain mixture ofL. monocytogenes (ca. 5.5 log1o CFU/g), washed with various lactic acid bacterium fermentation products (2,000 to 20,000 arbitrary units [AU]/ml of wash) or food-grade chemicals (0.25 to 4 M), and stored at 4°C. Counts of the pathogen remained relatively constant in control samples during storage for 6 days, whereas in crabmeat washed with Perlac 1911 or MicroGard (10,000 to 20,000 AU), numbers initially decreased (0.5 to 1.0 loglo unit/g) but recovered to original levels within 6 days. Numbers of L. monocytogenes cells decreased 1.5 to 2.7 log1o units/g of crabmeat within 0.04 day when washed with 10,000 to 20,000 AU of Alta 2341, enterocin 1083, or Nisin per ml. Thereafter, counts increased 0.5 to 1.6 loglo units within 6 days. After washing with food-grade chemicals, modest reductions (0.4 to 0.8 loglo unit/g) were observed with sodium acetate (4 M), sodium diacetate (0.5 or 1 M), sodium lactate (1 M), or sodium nitrite (1.5 M). However, Listeria counts in crabmeat washed with 2 M sodium diacetate decreased 2.6 loglo units/g within 6 days. In addition, trisodium phosphate reduced L. monocytogenes counts from 1.7 (0.25 M) to >4.6 (1 M) log1o units/g within 6 days. These results demonstrate that numbers of L. monocytogenes on crabmeat may be reduced appreciably by "washing" with select antimicrobial agents.
Listeria monocytogenes is a facultative intracellular pathogen responsible for several outbreaks and numerous sporadic cases of food-borne listeriosis (15, 27) . This organism is frequently associated with fresh, frozen, and ready-to-eat seafood products and is epidemiologically implicated in a limited number of seafood-related listeriosis episodes (12, 15, 25) . The association of L. monocytogenes with seafood (incidence from 12 to 26%), notably crabmeat, smoked fish, lobster, shrimp, and surimi, has also resulted in several product recalls (summarized and reported by Ryser and Marth [25] ). Further studies to monitor and subsequently control L. monocytogenes in seafoods are justified by the clinical and commercial significance of listeriosis outbreaks, as well as by a zero-tolerance action level set by the U.S. Food and Drug Administration for ready-to-eat foods.
L. monocytogenes is difficult to control in seafood, and in foods in general, because it can grow at refrigeration temperatures, survive in brine solutions, and tolerate extremes in heat and pH (25) . Regarding the prevalence of L. monocytogenes in the seafood-processing environment, a 1988 survey conducted in Oregon revealed that 60% (10 of 17) of the seafoodprocessing facilities examined showed evidence of Listeria contamination (22) . Similarly, a survey of crab-processing plants in Virginia estimated the prevalence of L. monocytogenes from 1989 to 1993 at 4 to 9% (8) . In another study, L. monocytogenes was found in 7 of 24 (29%) samples of cooked crabmeat (29) . Regardless of the source, the presence of L.
(608) 263-1114. monocytogenes in seafoods, primarily as a result of postprocessing contamination, represents a significant problem, particularly for cooked ready-to-eat seafoods, such as crabmeat (1, 24, 28) .
The frequency at which L. monocytogenes is isolated from seafoods and its growth and survival properties warrant the investigation of additional barriers to supplement traditional control practices. The purpose of the present study was to evaluate lactic acid bacterium (LAB) fermentation products and food-grade chemicals for their ability to control L. monocytogenes in crabmeat. Blue crab meat was selected as the test substrate because the prevalence of L. monocytogenes is higher in this product than in other seafoods (13) . Also, a recent study by Farber (14) Crabmeat inoculated with L. monocytogenes was divided into several 200-g lots for "washing" with antilisterial agents. Each wash solution (200 ml) was separately added to individual lots of crabmeat in a 600-ml beaker. The beakers were inverted three times to distribute the antimicrobial agents before the meat was drained by using a sterile funnel and sieve as described above. The entire washing procedure required 30 to 60 s for each antimicrobial agent. Treated crabmeat was divided into 20-g aliquots and placed into sterile petri dishes. At appropriate intervals during storage at 4°C, duplicate samples were monitored for viable listeriae as described above.
Crabmeat pH. The pH of the crabmeat was monitored with a sanitized electrode both before and after washing with antimicrobial agents. In a second set of experiments, the pH of inoculated crabmeat (in the absence of antimicrobial agents) was adjusted with 1 N HCI or 5 N NaOH to values ranging from 2 to 12. A 100-g sample of inoculated crabmeat (ca. 106 CFU/g) and 200 ml of deionized water were combined in a 500-ml beaker. The crab-Listeria slurry was then adjusted to a target pH with gentle stirring with a magnetic stir bar. Excess fluid (200 ml) was drained from the crabmeat as described above, and the pH of the crabmeat was recorded. For each pH increment, five 20-g samples of crabmeat were placed into petri plates and stored at 4°C. Counts of the pathogen in the crabmeat were determined just before and 60 min after adjusting the pH of the meat.
Monitoring antilisterial activity. The antimicrobial activity of fermentation products and chemicals was measured and compared by using the "spot-on-lawn" method as described previously (10) . Antilisterial activity was reported in arbitrary units as the inverse of the highest dilution (5 LAB fermentation products as antilisterial agents in crabmeat. The behavior of L. monocytogenes in fresh blue crab meat in the presence of three levels of LAB fermentation products was examined (Fig. 1) . Counts of the pathogen remained relatively constant and were not significantly different (P < 0.05) from the control in samples washed with each of the fermentation products used at their lowest level (level I; 2,000 AU/ml). Similarly, counts of L. monocytogenes remained relatively constant compared with the control in samples washed with 10,000 AU of MicroGard or Perlac per ml (level II) (Fig. 1B) . At the highest level tested (20,000 AU/ml), MicroGard and Perlac had no appreciable effect (P < 0.05) on pathogen numbers after 6 days compared with the control. In contrast, washing crabmeat with Alta, enterocin, or Nisin at 10,000 AU/ml (level II) and 20,000 AU/ml ( 10 ,000 AU/ml. Thereafter, counts of the pathogen increased somewhat over 6 days but did not return to initial inoculum levels. An initial decrease of 2 to 3 log1o units was also observed with wash solutions containing Alta, enterocin, and Nisin at 20,000 AU/ml. More important, the recovery and resurgence of L. monocytogenes were lessened over the 6-day sampling period when the crabmeat was treated with 20,000 AU/ml (ca. 0.5 to 1.1 loglo units) compared with 10,000 AU/ml (ca. 0.8 to 1.6 loglo units). These data identified the potential of Alta, enterocin, and Nisin as antilisterial agents for crabmeat.
Food-grade chemicals as antilisterial agents in crabmeat. The efficacy of food-grade chemicals as antilisterial agents in crabmeat was also evaluated (Fig. 2) . With the exception of TSP (0.25 and 0.5 M), when these chemicals were used at low (level I; Fig. 2A meat. In another component of this study, we conducted experiments to distinguish between the antilisterial activity of the antimicrobial agents used to wash crabmeat and any pH effects contributed by these antimicrobial agents. The pH of the crabmeat as received was 8.1 (average of 12 samples). The pH was monitored both before and after washing the crabmeat with the six most potent antimicrobial agents: Alta, enterocin, and Nisin (each at 20,000 AU/ml), and acetate (4 M), diacetate The pHs of crabmeat samples immediately after being washed with these antimicrobial agents (in ascending order) were as follows: Nisin, 5.2; diacetate, 5.3; Alta, 7.4; enterocin, 7.5; acetate, 8.1; and TSP, 11.5. In general, the pH of the crabmeat (pH 8.1) decreased somewhat (pH 5.2 to 7.5) after washing with LAB fermentation products and diacetate. Washing with acetate did not alter the pH, whereas washing with TSP initially raised the pH to 11.5. Typically, over the 6-day sampling period, the pH of all treatments remained relatively constant (±0.4 pH unit), that is, similar to the pH immediately following treatment.
After establishing the baseline pH data reported above, the survival of L. monocytogenes in crabmeat was examined within 60 min of adjusting the pH to values ranging from 2 to 12 to ascertain the effect of pH on pathogen survival in the absence of any antimicrobial agents (Fig. 3) . Pathogen numbers remained relatively constant (± 0.2 log1o unit/g) compared with control values over the range of pH 4.4 to 10. As depicted in Fig. 3 , Alta, enterocin, Nisin, acetate, and diacetate did not alter the pH of crabmeat to inhibitory levels, but TSP (1.0 M) elevated the pH to ca. 11.5, a level which is detrimental to L. monocytogenes survival.
DISCUSSION
Cooked shelled crabmeat is specifically subject to crosscontamination with raw product by personnel and from raw crab in the processing environment (22) ; thus, it serves as a possible carrier of L. monocytogenes. Although L. monocytogenes is inactivated by proper thermal processing of crabmeat (16, 17) , the results herein and those reported by other investigators (6) (3, 15, 25) . However, the association of listeriosis with the consumption of seafood and the ability of L. monocytogenes to grow and survive in crabmeat represent a potential threat to the consumer and, as such, prompted us to evaluate LAB fermentation products and food-grade chemicals as interventions.
Little is known about the incidence and fate of L. Overall, at all levels tested TSP was the most effective antilisterial agent: the pathogen was not detected by direct plating within 4 days at 4°C (>5.0 loglo unit drop) when 1 M TSP was used for washing. The data also indicated that the antilisterial activity of TSP was due in large measure to the elevated pH (pH < 11) of crabmeat washed with 1 M TSP, whereas the listericidal activity of fermentation products and diacetate was not due solely to pH. Additional studies are warranted to charac,terize the mechanism(s) by which the aforementioned antimicrobial agents inhibit L. monocytogenes on crabmeat. The results of the present study agree with and expand upon our previous investigations, and those of others, that established the efficacy of bacteriocins of LAB and/or sodium diacetate for controlling L. monocytogenes in food (for examples, see references 7, 11, 19, 21, 23, and 26) . Sensory properties notwithstanding, the results indicate that the utility of TSP may be expanded for controlling undesirable bacteria associated with foods other than poultry (4). However, some of the antilisterial wash agents tested herein await regulatory approval.
The presence and growth of L. monocytogenes in ready-toeat fish products such as crabmeat heightens the potential for listeric illness in certain subpopulations. Our results indicate that some fermentation products and food-grade chemicals may serve as additional factors in decreasing the likelihood of illness caused by crabmeat contaminated with L. monocytogenes. To fully exploit these antilisterial agents, we are presently identifying additional antilisterial agents, developing simple yet effective application strategies for such agents, testing the efficacy of these safety assurance systems in a processing plant, and evaluating the effect, if any, of the agents on the nutritional, textural, and sensory properties of crabmeat. A multifaceted approach to seafood safety as described herein is required to strive for a Listeria-free product from harvest to consumption.
